Abstract. Ant colony optimization (ACO) has been proved to be one of the best performing algorithms for NP-hard problems as TSP. The volatility rate of pheromone trail is one of the main parameters in ACO algorithms. It is usually set experimentally in the literatures for the application of ACO. The present paper proposes an adaptive strategy for the volatility rate of pheromone trail according to the quality of the solutions found by artificial ants. The strategy is combined with the setting of other parameters to form a new ACO algorithm. Finally, the experimental results of computing traveling salesman problems indicate that the proposed algorithm is more effective than other ant methods.
Introduction
ACO was first proposed by M. Dorigo and his colleagues as a multi-agent approach to deal with difficult combinatorial optimization problems such as TSP [1] [2] . Since then, many applications to the NP-hard problems have shown the effectiveness of ACO [3] .
The main parameters of ACO may conclude: k is the number of artificial ants, ρ is the parameter for volatility of pheromone trail and , α β determine the relative importance of pheromone value and heuristic information [2] . All of the parameters are usually set with experimental methods in the application of ACO [3] . The have been also several works [4] [5] [6] [7] for the adaptive parameter setting of ACO algorithms. This paper presents a tuning rule for ρ based on the quality of the solution constructed by the artificial ant. Then, the adaptive rule is used to form a new ACO algorithm, which is tested to compute several benchmark TSP problems. The experimental result indicates that the proposed ACO algorithm with adaptive ρ performs better than other ACO algorithms [2, 8] .
Adaptive Volatility Rate of Pheromone Trail
In ACO algorithms [3] 
where m gs P is the probability with which the m -th ant moves from city g to city s in the t -th iteration, τ is the pheromone,
is the reciprocal of distance is the volatility rate of the pheromone trail [2] [3] . In order to update the pheromone according to the quality of solutions found by ants, an adaptive rule for volatility of the pheromone trail is designed as follows: 
where s is the city selected as the next one to city r for any ( , )
The motivation of the proposed rule is: better solutions should contribute more pheromone, and the worse ones contribute less. We use this rule to design a new ACO algorithm, which is similar to ant colony system (ACS) [2] except for the updating rule 
Numerical Results
This section indicates the numerical results in the experiment that the proposed ACO algorithm is used to solve TSP problems [9] . Other ant approaches ACS [2] and the ACO [8] are also tested in the same machines as the comparison with the proposed ACO. Several TSP instances are computed by the three algorithms on a PC with an Intel Pentium 550MBHz Processor and 256MB SDR Memory, and the results are shown in Table 1 . It should be noted that every instance is computed 20 times. The algorithms would not stop until a better solution could be found in 500 iterations. Table 1 shows that the proposed ACO algorithm (PACO) performs better than ACS [2] and the ACO [8] . The shortest lengths and the average lengths obtained by PACO are shorter than those found by ACS and the ACO in all of the TSP instances. Furthermore, it can be concluded that the standard deviations of the tour lengths obtained by PACO are smaller than those of another algorithms. Therefore, we can conclude that PACO is proved to be more effective and steady than ACS [2] and the ACO [8] . Computation time cost of PACO is not less than ACS and ACO in all of the instances because it needs to compute the value of volatility rate 1 k + times per iteration. Although all optimal tours of TSP problems cannot be found by the tested algorithms, all of the errors for PACO are much less than that for another two ACO approaches. The algorithms may make improvement in solving TSP when reinforcing heuristic strategies like ACS-3opt [2] are used. 
Discussions and Conclusions
This paper proposed an adaptive rule for volatility rate of pheromone trail, attempting to adjust the pheromone based on the solutions obtained by artificial ants. Thus, a new ACO algorithm is designed with this tuning rule. There is a special pheromone updating rule in the proposed algorithm whose framework is similar to Ant Colony System. There are some experimental comparisons among the proposed ACO approach and other methods [2, 8] in solving TSP problems. The results show the effectiveness of the proposed algorithm. Further study is suggested to explore the better management for the optimal setting of the parameters of ACO algorithms, which will be very helpful in the application.
